Introduction
The ability to undergo facultative torpor and hibernation has been well documented in two families of bats, Vespertilionidae and Rhinolophidae (Brosset, 1961; Kulzer, 1965; McNab, 1969; Henshaw, 1970;  Lyman, 1970; Studier & O'Farrell, 1972) and probably is present to some degree in a few others, such as Rhinopomatidae, Mystacinidae and Molossidae. This paper considers only the first two families, in which hibernation has been shown to exert a profound in¬ fluence on the physiology of reproduction.
Hibernation is a deep, prolonged torpor with only short periodic arousals, and it is character¬ istically associated with the stress of low ambient temperatures and/or restricted food supplies. Torpor and hibernation are physiologically purposeful acts, in which the animal lowers its metabolic rate and regulates its body temperature at a level slightly above the ambient temperature. Furthermore, the animal is capable of spontaneous self-arousal, or arousal can be induced by external physical factors (Lyman, 1970) . The adaptive significance of hibernation is energy conservation; it therefore can be expected to influence, or be influenced by, another energetically expensive function, reproduction. Such mutual effects are particularly apparent when a period of hibernation is superimposed on the reproductive cycle: hibernation appears to arrest the progress of reproductive events begun in the autumn and to postpone their completion until after the animals emerge from hibernation in the spring. These phenomena in bats have been previously reviewed by several authors (Wimsatt, 1960 (Wimsatt, , 1969 Asdell, 1964; Carter, 1970 (Guthrie, 1933; Guthrie & Jeffers, 1938a, b; Reeder, 1939; Wimsatt, 1944a Wimsatt, , 1945 Guthrie, Jeffers & Smith, 1951; Pearson, Koford & Pearson, 1952; Orr, 1954; Christian, 1956; Druecker, 1972; Krutzsch, 1975 (Courrier, 1924; Nakano, 1928; Caffier & Kolbow, 1934; Eisentraut, 1936; Matthews, 1937; Sluiter & Bels, 1951; Sluiter & Bowman, 1951; Asdell, 1964; Dwyer, 1966; Kleiman, 1969; Kitchener, 1975 (Courrier, 1927; Planel, Guilhem & Soleilhavoup, 1961; Peyre& Herlant, 1963a, b; 1967) and in Australia (Dwyer, 1963; Richardson, 1976 Richardson, , 1977 , and has been reported to occur in India in a temperate, hibernating population of Rhinolophus rouxi (Ramakrishna & Rao, 1977) . Previously, the Type II pattern was also thought to apply to M. australis in temperate regions of Australia (Dwyer, 1968) ; however, more detailed studies have recently shown that the period of delayed implantation, if it occurs at all, is very brief (Richardson, 1976 (Richardson, , 1977 (Guthrie & Jeffers, 1938a, b; Guthrie, 1939; Wimsatt, 1944a; Guthrie et al, 1951 ; Sluiter & Bels, 1951 ; Pearson et al, 1952; Appley, 1971 ;  Krutzsch, 1975) . The results of these studies can be summarized as follows: (1) the processes of growth, differentiation and atresia have been characterized by analysis of follicular age, number and components (cross-sectional areas, volumes and surface areas); (2) normal growth emerges as a synchronized, repetitious occurrence of identical structural features and trends in the follicular components; (3) deviations from the synchronized repeat patterns relate to follicular destruction or atresia and the origin of interstitial cells; (4) several follicular growth waves occur during the single oestrous cycle; and (5) the growth wave just before hibernation produces a species-specific number of specialized vesicular follicles which persist throughout hibernation to rupture in the spring.
The essentials of the follicular cycle in these Type I bats are similar to those reported in other mammalsL The unique feature is the persistence of large, mature, Graafian follicles throughout the hibernation period (PI. 1, Fig. 1 ). These surviving follicles have been shown to be structurally specialized (Wimsatt, 1942; Wimsatt & Kallen, 1957; Wimsatt & Parks, 1966) . The ovum is surrounded by a large discus proligerus, the cells of which are markedly hypertrophied and vesiculated in association with the accumulation of massive quantities of glycogen (PI. 1, Figs 1 and 2). Furthermore, there is evidence that the ovum utilizes this glycogen as an energy source throughout hibernation.
The follicular cycle of hibernating rhinolophids that exhibit the Type I pattern is similar (Matthews, 1937) . A difference, however, is that although a large recognizable Graafian follicle persists through the post-copulation period of hibernation, it does not have a large discus proligerus of hypertrophied cells. Presumably, therefore, the follicle does not contain massive amounts of glycogen.
Delayed ovulation. Vespertilionids and rhinolophids with the Type I reproductive pattern postpone the terminal vesiculation and ovulation stages of the follicles of hibernation until spring. Wimsatt (1960) (Guthrie, 1933; Zondek, 1933; Caffier, 1934; Caffier & Kolbow, 1934; Guthrie & Jeffers, 1938c ; Guthrie & Smith, 1940; Sluiter & Bels, 1951; Smith, 1951; Pearson et al, 1952; Sluiter, Bels & Van Oordt, 1952; Herlant, 1954; Skreb, 1955; Wimsatt, 1960; Racey, 1976 (Herlant, 1956 (Herlant, , 1968 Wimsatt, 1960 Racey (1979) is the subject of a separate paper in this symposium, and therefore will not be considered extensively here. Briefly, female hibernating vespertilionid and rhinolophid bats with the Type I pattern have evolved a major specialization which is highly significant for reproductive success when copulation pre¬ cedes ovulation by an appreciable amount of time: the ability to store viable spermatozoa in their reproductive tracts throughout hibernation (PL 1, Figs 3 and 4) . In at least some species, it has been demonstrated conclusively that females inseminated by copulation before hibernation are fertilized when they ovulate in the spring (Hartman, 1933; Folk, 1940; Wimsatt, 1942 Wimsatt, , 1944b Orr, 1954; Racey, 1973a) . However, it has also been argued that for some species additional copulations during the hibernation period and even after arousal in the spring may be necessary to assure fertilization, because the initial spermatozoa may either lose their capacity to fertilize or be expelled from the female reproductive tract (Guthrie, 1933; Hartman, 1933; Guthrie & Jeffers, 1938b, c;  Krutzsch, 1975 annually produces a follicle which proceeds to rupture directly. The process is also coincidental with behavioural oestrus, so that concurrent copulations ensure that ovulation will be immediate¬ ly followed by fertilization (Courrier, 1927) . In Australia, M. schreibersii likewise has a follicular growth cycle culminating with ovulation and fertilization just before hibernation (Dwyer, 1963; Richardson, 1976 Richardson, ,1977 . However, an additional ovulation with apparent absence of behavioural oestrus occurs 2 months earlier, at a time when males do not even have spermatozoa to deliver. This phenomenon has been termed 'silent heat' (Richardson, 1976 (Richardson, , 1977 & Herlant, 1963a & Herlant, , b, 1967 Richardson, 1976 Richardson, , 1977 Ramakrishna & Rao, 1977) . Wimsatt (1969 Wimsatt ( , 1975 theorizes that the delay could be purely a passive response to cold, acting to depress metabolism, or that it could be directed by an active regulatory influence. The latter possibility is supported by the correlation of pituitary cytology with the events of the re¬ productive cycle. The evidence suggests that an arrest in LH secretion following ovulation, coupled with insufficient prolactin, is responsible for delayed implantation (Peyre & Herlant, 1963a , b, 1967 . While this interpretation implicates participation of the neuroendocrine system in the control of delayed implantation, it also allows for the probability that the action of the system is influenced, at least in part, by the metabolic effects of hibernation or external stimuli.
Ovarian steroidogenesis
In studies of the ovaries of hibernating bats, attention has been focused on the chronology of various morphological changes and on correlating these with reproductive events occurring else¬ where in the organism in an attempt to deduce the underlying endocrine functions. However, to understand better the endocrine function of the ovary, more specific techniques must be applied to resolve the sites and levels of ovarian steroidogenesis during the reproductive cycle.
Lipids, particularly cholesterol and its esters, are the substrates for the synthesis of the principal sex steroids, oestrogen and progesterone. Therefore, evaluation of lipids and steroidogenic enzymes in the ovaries is a means of assessing steroidogenesis. To a lesser extent such evaluation may reflect changes in levels of the gonadotrophins that are known to regulate these lipids and enzymes. The ovaries of some hibernating vespertilionid bats with the Type I reproductive pattern have been examined in such a manner.
Lipid histochemistry. Histochemical techniques for lipids have been used to study the ovaries of Myotis griesescens and Antrozous pallidus (Guraya & Greenwald, 1964; Guraya, 1967 Guraya, , 1974 Oxberry, 1979) . These studies show that the numerous, well developed interstitial cells derived from the theca interna of large atretic follicles function in the storage of lipid, cholesterol and/or steroid droplets during hibernation (PI. 2, Fig. 5 ), and that these droplets are mobilized during gestation, possibly in response to high levels of gonadotrophins produced by the pituitary or placenta or both.
Hydroxysteroid dehydrogenase histochemistry. The cellular location and relative activity of two enzymes, 3 ß-hydroxysteroid dehydrogenase (3 ß-HSD) and 17 ß-hydroxysteroid dehydro¬ genase (17ß-HSD), both of which participate in the synthesis of oestrogen and/or progesterone, have been evaluated in the ovaries of Antrozous pallidus throughout the reproductive cycle (Oxberry, 1977 (Oxberry, , 1979 . At the beginning of oestrus, 3ß-HSD becomes conspicuous in the numerous interstitial cells and theca interna of large follicles (PI. 2, Fig. 6 ) and persists through¬ out hibernation. After ovulation, 3 ß-HSD reaches its greatest intensity in interstitial cells and in the corpus luteum of pregnancy (PI. 2, Fig. 7 ). After parturition, the corpus luteum involutes, and 3 ß-HSD cannot be detected until the onset of the next oestrus. Since LH is known to stimulate 3 ß-HSD activity, some of this gonadotrophin is probably present at the onset of oestrus; it is likely that the increase in 3 ß-HSD activity with the start of pregnancy can be attri-buted to augmented LH levels and/or placental chorionic gonadotrophin. At the beginning of oestrus, 17ß-HSD is also detected in interstitial cells and the theca interna of large follicles; it persists throughout hibernation (PL 2, Fig. 8 ). During pregnancy, however, 17ß-HSD is found only in interstitial cells, and after parturition it is not observed until the onset of the next oestrus. The activity of 17 ß-HSD is specifically associated with the production of oestrogen and testo¬ sterone, while 3 ß-HSD activity can be related to the synthesis of several other sex steroids.
Radioimmunoassay. The circulating levels of oestrogen and progesterone in blood have been measured in Antrozous pallidus (Oxberry, 1979) . The concentration of oestrogen rises with the onset of oestrus, but then falls to low levels during hibernation (Text-fig. 2 ). Upon spring arousal, the level appears to rise dramatically and then fall immediately after ovulation. As pregnancy proceeds, the oestrogen concentration increases, to reach a peak at mid-gestation. The levels then steadily fall to a low value immediately following parturition. Finally, a transient increase in oestrogen occurs during lactation. Progesterone remains at baseline levels from the onset of oestrus throughout hibernation (Text-fig. 3 ). Upon spring arousal, the levels increase significantly, particularly with the initial establishment of the corpus luteum after ovulation. At 
Conclusions
As far as they are known, the time relationships between reproductive events are altered in all hibernating bats. These modifications seem to include either a delay between copulation and ovulation or between fertilization and implantation. A possible third kind of delay, slowed or prolonged gestation after implantation has also been demonstrated experimentally (Racey, 1969 (Racey, , 1973b 
